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FEATURES OF THE INITIAL STAGES OF LOW- 
TEMPERATURE DECOMPOSITION OF AMMONIUM 
PERCHLORATE 

G. K. Klimenko and Ye. I. Frolov 

Chernogolovka 

In the majority of works the kinetics of the decomposition 

of ammonium perchlorate (APC) [F1XA] was studied with respect to 

the pressure and composition of the gaseous products of thermal 

decomposition or with respect to the weight loss in the heating 

process. The findings made it possible to determine the features 

of the kinetics and the many sides of the mechanism of the very 

complex process of APC decomposition [1-4], At the same time» for 

rigorous substantiation of the APC decomposition mechanism 

supplementary research on the kinetics of decay product 

accumulation in the condensed phase is necessary. 

Hence, in the initial stages of APC decomposition in the 

temperature range 160-220°C we studied the composition of the 

chlorine-containing thermolysis products and also weight losses. 

Thermolysis was realized at atmospheric pressure under conditions 

of the equilibrium of the decomposing APC with the decay pi-oducts 

in the gaseous phase. By the method of potentiometric titration 

and spectrophotometry in the ultraviolet range we determined the 
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Contents of the chlorine, chloride-ions, sum of oxychloro-anions 

and perchloric acid- In the operation we used a technical APC with 

average particle size -100 u. 

As a result of the investigations it was shown that in the 

early stages of decomposition in the condensed phase an analytically 

determined quantity of chlorine oxides are absent, while the basic 

thermolysis products are Cl2, HC1, and HCIO^. 

The comparison of data on the kinetics of the accumulation of 

thermolysis products in the condensed phase with the kinetics of 

;;2ight loss (in a recalculation of the appropriate number of ClOr 

ions) shows that even with the degree of decomposition (n)=0.1-0.15 

the percentage of decay products in the condensed phase is ~2Q% 

[5], but in the early stages it is still more (Figs. 1 and 2). 

Figure 1.  Dependence of the ratio of the 
concentration of thermolysis products of 
ammonium, perchlorate In the condensed 
phase to the total quantity of the 

decomposing substance («v^cj on n the total 

percentage of Uocouponition at +19ü°C. 

Figure 2.  Dependence of the percentage of 
decomposing ammonium perchlorate on time 
at +190°C.  nm - weight loss; n - total 

percentage of decomposition taking into 
account products in the condensed phase. 
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At the beginning of the induction period (at 190°C for IOC 

min) the process continues so slowly that the thermolysis products 

cannot be detected, but then a rapid increase occurs in the 

concentration of Cl2, HC1, and HC^Oj. in the condensed phase; the 

induction period with respect to weight loss is one and a half 

times more (Pig. 3). It is especially important that perchloric 

acid in the induction period not accumulate in analytically 

determined quantities and its formation occur simultaneously with 

the remaining thermolysis products. The maximum concentration of 

perchloric acid in the condensed phase reaches 0.1-0.235 (in 

relation to the initial APC) and is realized at the stage of 

maximum acceleration of the thermolysis process (n=0.07-0.1); 

subsequently, (to n-0.15) its contents are unchanged, and then 

smoothly fall. 

Figure 3. Dependence of the concentration 
of thermolysis products of ammonium 
perchlorate on time at +190°C in the 
condensed phase and weight loss of (Am) in 
a recalculation of the appropriate 
quantity of ClOv  g-ion/g. 

no       iea 
tmin 

The analysis of the ratio of the formation rates of Cl?+ 

+HCl(w1) and HC10lj(w2) shows that in the initial stages (in 

the induction period with respect to weighs loss approximately 

150 min at 190°C) w,/a>a«c<mst (Pig. *0. 

5 

120 ISO 
tain 

m 

Figure 4. Dependence of the ratio ; 
of the formation rates cf (C10+HC1); 

*     v 
and (HClOh) in the condensed phase • 

on time. ! 

From this it follows that Clp and HC1 are not the decay 

products of perchloric acid, but are formed from APC independently. 
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It is known that low-temperature decomposition continues at 

a greater rate than sublimation under corresponding conditions [4], 

The given experimental results together with this fact are not 

layed out in the framework of the APC decomposition diagram 

proposed by Jacobs and Russel-Jones [6]. Hence, it is assumed that 

at least in the early stages of decomposition APC thermolysis 

products can be formed by the following diagram: 

NH4CIO4 NH,..H..C104 
I 

I3 
NHj+HCIO« 

i8;HCl  and other products, \ 

i.e., the limiting APC thermolysis stage is reaction 1, not 2. 

This diagram agrees with the obtained results ami .,ii,ii most of the 

data on the effect of different factors on lov. temperature APC 

thermolysis. 

The obtained results indicate the significant role of the 

processes in the condensed phase during APC thermolysis. The 

t he i-mo lysis products in the condensed phase must be considered in 

the early stages of decomposition. 

Tne di:>ouciaticn  react*on in  !!vu mm HOICK and sul-seauvnt 

reactions with the participation of these products in the early 

stages of low-temperalure thermolysis of ammonium perchlorate are 

not limiting processes. 
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